One of the main parameters that affect the solar cell performance is cell temperature; the solar cell output decreases with the increase of temperature. Therefore, it is important to select the proper solar cell technology that performs better at a specified location considering its average temperatures. In addition, the solar cell performance is directly reflected on the overall economics of the project. This paper is proposed to evaluate the variations in the performance of different solar cell technologies related to the temperature in Amman, Jordan. Field data of weather station and three PV systems (Poly-crystalline, Mono-crystalline and Thin-film) of identical design parameters were collected from Test Field Project at Applied Science Private University, Shafa Badran, Amman, Jordan. These data were analysed in the following way. estimated specific energy yield (kWh/kWp) for the three different PV systems was calculated depending on the measured value of solar irradiance and technical specifications of the installed solar panels and inverters, then the actual energy yield at different temperatures over one year was compared with the estimated value, so the deviations could be determined and actual temperature coefficients for energy yield could be calculated, knowing that the three PV Systems have identical design parameters (tilt angle, azimuth angle, type and dimensions of mounting structure and inverter size) and same cleaning method and schedule. It was found that the thin-film solar panels are less affected by temperature with temperature coefficient of -0.0984%, and -0.109%, -0.124% for Mono-crystalline and Poly-crystalline respectively. These results can be implemented in the preliminary design steps, specifically in the selection of the solar cell technology to be installed in a specific location.
INTRODUCTION
Solar cells directly convert sunlight into electricity, as a result of the photovoltaic effect and the fact they consist of doped semiconductor materials forming a P-N Junction. Different semiconductor materials can be used in solar cells, including Crystalline Silicon (c-Si) and Amorphous Silicon (a-Si). The c-Si can be either Polycrystalline or Mono-crystalline, depending on the manufacturing processes implemented.
The solar cell performance is directly affected by the weather conditions, mainly the solar irradiance and temperature [Sauer et al. 2007 ]. The effect of decreasing irradiance involves a drop in solar cell output current and voltage, and the effect of increasing cell temperature consists in a slight increase in the output current and considerable decrease in output voltage, resulting in an overall decrease in output power. These effects are illustrated in Figures 1 and 2 .
Solar panels are tested in laboratory setting under Standard Test Conditions (STC) of 1000 W/m 2 incident solar irradiance, 25°C cell temperature, 0.0 wind speed and 1.5 air mass spectrum. STC rarely exist in actual outdoor conditions, specifically the cell temperature, since most of the time, under actual operating conditions, will be much higher than 25°C, especially in hot climates [Pless et al. 2005 ]; hence, they cannot be used to estimate the actual performance and energy yield of a PV System. Different solar cell technologies have different responses to the temperature variations, and this difference in response has been widely investigated in the literature.
Hamrouni et al. [2008] investigated the effect of ambient temperature and solar irradiance on the performance of solar pumping system and concluded that high ambient temperature decreased the pump flow rate and overall system efficiency. Priyanka and Ravindra [2012] studied the temperature dependence (in the range of 273-523 K) of key characteristics of solar cell, namely the short circuit current density, open circuit voltage, fill factor and efficiency, considering solar cells of different semiconductor materials such as. Si, GaAs, InP, CdTe and CdS. They concluded that the overall performance decreases with the increase of temperature. Dubey et al. [2013] reviewed literature investigations on the relation between cell temperature and solar cell performance, and concluded that care must be taken when using the expressions found in the literature to estimate solar cell temperature, because those expressions apply only for restricted mounting geometry. Tobnaghi et al. [2013] experimentally obtained coefficients to estimate the variations in the electrical parameters of solar cells with temperature, and the most significant coefficient obtained described the decrease of maximum power output with the increase of temperature, with coefficient of -0.005 mW/°C.
Je et al. [2014] monitored the performance of different solar cell technologies in tropical climate in Singapore, including mono-crystalline Si, heterojunction crystalline Si, multicrystalline Si, double-junction Si, single-junction/double-junction amorphous Si, CdTe and CIGS. In this work, the degradation rates were evaluated using Statistical decomposition methods. The degradation rates for mono-crystalline Si modules were found to be equal or less than -0.8% per year, -1% for multicrystalline Si modules, -2% for amorphous Si, micromorph Si, and CdTe modules and -6% for CIGS modules.
Cañete et al.
[2014] studied the performance of four different technologies in southern Spain; it was found that the performance of thin-film modules is better in summer, while in the case of poly-crystalline modules, their performance is better in winter.
This paper investigates the temperature effect in Amman, Jordan, on mono-crystalline, poly-crystalline and a-Si modules, through estimating the effect on annual energy yield. The actual temperature coefficients are calculated and compared to the coefficients in the datasheets of the solar panels. This work is useful in the preliminary design steps of a PV Systems, specifically in the selection of module technology to be implemented in the project.
DESCRIPTION OF PV SYSTEMS AND ANALYSED DATA PV Systems
Test Field Project at Applied Science Private University (ASU) is a unique project of its type in Jordan, with its diverse installed PV System. The project comprises seven different PV projects, all installed for research purposes. These systems are. CPV Dual-Axis Tracking System, Poly-crystalline Dual-Axis Tracking System, South Poly-crystalline PV System (S-Poly), South Mono-crystalline PV System (S-Mono), South Thin-film PV System (S-Thin-film), EastWest Poly-crystalline PV System and East-West Mono-crystalline PV System. This diversity in the project offers wide research capabilities for the project, and the three south oriented PV Systems were chosen for the purpose of analysis in this paper, knowing that they are all of identical design parameters (tilt angle, azimuth angle, type and dimensions of mounting structure, length and gauge of wiring and inverter size). Technical specification of inverters and PV panels for the three systems are described in Table 1 and  Table 2 . Identical design parameters are outlined in Table 3 . The three systems and weather station, which is 70 m apart from the PV Systems, are shown in Figures 3 to 6 .
Weather Station
In addition to these three systems, the weather data were also collected from a standardized weather station in ASU offering wide range of measured data (Figure 7 ) such as. ambient temperature at different levels, global, direct and diffused irradiance, wind speed and direction at different levels. Irradiance and ambient temperature at 1m level above the ground are used in this paper for the purpose of analysis.
METHODOLOGY AND CALCULATIONS Methodology
Since all the three PV Systems are of identical design parameters and exposed to same weather conditions (irradiance, temperature and wind speed), we can assume that the difference between the actual energy yield (kWh/kWp) and estimated energy yield is primarily due to actual cell temperature (T c ) being higher (or lower) than T c at STC, taking into account the actual incident irradiance, array size (kWp), array area and module as well as inverter efficiency.
Data and Calculations
The actual data for energy yield were extracted from the monitoring system of the three inverters and are shown in Table 4 . In Table 5 , average monthly values for ambient temperature (T a ) and global horizontal irradiance (GHI) is extracted from the weather station data logger. 
Direct horizontal irradiance (DHI) is calculated using Diffused/Global irradiance ratio in [PVGIS
where: G is average monthly global incident irradiance (kW/m 2 ), A is array total area (m 2 ), η is module efficiency, t is total number of hours per month and P max is array maximum power (kWp). Global incident irradiance is calculated using the following formula [Gulin et 
RESULTS AND CONCLUSION
Where B is direct irradiance in tilted and aligned surface, D is diffuse irradiance on tilted and aligned surface and R is reflection irradiance on tilted and aligned surface. In the calculations, D and R are assumed as one component since a pyranometer measures both together. Table 6 shows the results of applying equations 1 and 2.
Calculating T c is critical in determining the amount of deviation between the actual and theoretical energy yield at STC. Hence, T c is calculated using the formulae found in [SMA Solar Academy], which simply states that if the module is free mounted (ground mounted), T c will be 20°C higher than the ambient temperature. Therefore, annual average increase in calculated T c over T c at STC was found to be 12.53°C.
Annual deviation in energy yield for the three systems was found to be 15.4%, 17.0% and 19.5% for Thin-film, Mono-crystalline and Poly-crystalline PV modules, respectively. This amount of deviation is assumed to be caused by temperature rise of 12.53°C in T c . Then, the deviation caused by temperature rise of 1°C in T c was calculated. The results demonstrated that energy yield for Thin-film PV modules is less affected by temperature than Mono-crystalline and Poly-crystalline PV modules. Temperature coefficient for Thin-film PV modules was found to be -0.0984%, which means that for each 1°C of T c increase above that of T c at STC, the energy yield will decrease by 0.0984%. For Mono-crystalline and Poly-crystalline PV modules, temperature coefficient was found to be -0.109% and -0.124%, respectively.
These results are good indications of how ambient temperature would affect the annual energy yield of a PV System, and they are of increasing importance for large-scale PV projects since the decrease of energy yield with temperature will be of greater amount. 
